Background-Patterns of prevalence and work-relatedness of carpal tunnel syndrome (CTS) among workers offer clues about risk factors and targets for prevention.
INTRODUCTION
Carpal tunnel syndrome (CTS) is characterized by numbness, tingling, weakness, or muscle atrophy in the hand and fingers resulting from compression of the median nerve at the wrist. The compression may be related to a specific traumatic injury or systemic condition (e.g., diabetes, pregnancy), or may be caused by thickening of the protective sheaths that surround the flexor tendons that run through the carpal tunnel. Established occupational risk factors for CTS include repetitive flexing and extension of the wrist, forceful grip, and use of handheld vibratory tools [Palmer et al., 2007; Barcenilla et al., 2011; Burt et al., 2011] . Although CTS is relatively uncommon among the general population, it is one of the most common work-related conditions. According to an analysis of data from the 1988 National Health Interview Survey (NHIS) occupational health supplement (OHS), CTS was the second most likely of 13 chronic conditions to be attributed to work, with 30.7% of reported cases among U.S. adults who had ever worked meeting the study definition of workrelatedness [Luckhaupt and Calvert, 2010] .
In 2010, the NHIS included an OHS for the first time since 1988. In addition to collecting data on the prevalence of many common workplace exposures, the 2010 NHIS-OHS addressed three commonly work-related conditions: dermatitis, CTS, and asthma. The prevalence of dermatitis and CTS is not routinely measured with the NHIS, and national prevalence estimates for them are rare.
In this report, we focus on the reported prevalence and work-relatedness of CTS among civilian non-institutionalized adults who were working at the time of interview, or who had worked in the past year. The prevalence and work-relatedness of asthma and dermatitis among workers will be addressed elsewhere. Differences in overall prevalence and the proportion of cases of CTS attributed to work by health care professionals are examined by demographic characteristics. In addition, the distribution of industry and occupation (I&O) categories to which work-related cases of CTS were attributed is compared to the distribution of I&O categories of employment among current/recent workers in order to identify I&O groups that may be at an increased risk of work-related CTS.
The NHIS questionnaire consists of a core set of questions that remain relatively unchanged from year to year, and supplemental questions that vary from year to year to collect additional data pertaining to current health issues of national importance. The core survey instrument has four main modules: Household, Family, Sample Child, and Sample Adult. The first two modules collect health and sociodemographic information on each member of each family residing within a sampled household. Within each family, additional information is collected from one randomly selected adult (the "sample adult") aged 18 years or older and (if applicable) one randomly selected child (the "sample child") aged 17 years or younger. In rare instances when a sample adult is physically or mentally unable to respond, proxy responses are accepted (<1.5% of sample). In 2010, NHIS interviews were conducted in 34,329 households, accounting for 89,976 persons in 35,177 families. The estimates presented in this paper are based on data collected from 27,157 sample adults. The household response rate was 79.5%, the conditional sample adult response rate (i.e., the response rate for those sample adults identified as eligible) was 77.3%, and the final sample adult response rate (i.e., the response rate that takes into account both the conditional sample adult response rate and the household/family response rate) was 60.8%.
Information regarding employment status and the current I&O of those currently employed was obtained from survey questions included in the Sample Adult core module. Demographic characteristics were obtained from questions asked in the Household and Family core modules.
Occupational Health Supplement
The National Institute for Occupational Safety and Health (NIOSH) sponsored an OHS to the 2010 NHIS to collect information on the prevalence and correlates of work-related health conditions and exposures to potential psychological and physical occupational hazards in the U.S. working population. The OHS questions were embedded within the Sample Adult questionnaire. The 2010 NHIS sample included 17,524 sample adults who had worked at least part of the 12 months preceding their interviews; most of the OHS questions focused on these respondents. Information regarding the most recent I&O of employment for those sample adults not currently employed but employed in the past 12 months, information regarding the longest-held job for those current/recent workers whose current/recent job was not their longest-held job, and information about CTS was obtained from supplemental questions on the OHS.
Ethics Board Approval and Consent
The 2010 NHIS was approved by the Research Ethics Review Board of the NCHS (Protocol #2009-16) and the U.S. Office of Management and Budget (Control #0920-0214). Written consent for participation in the 2010 NHIS was not received, but instead all 2010 NHIS respondents provided oral consent prior to participation.
Study Definitions
The questions used to assess the lifetime and 12-month prevalence of CTS were: "Have you ever been told by a doctor or other health professional that you have a condition affecting the wrist and hand called carpal tunnel syndrome?" and "During the past 12 months have you had carpal tunnel syndrome?" Those who reported having CTS in the past 12 months were considered "current" cases of CTS.
For this study, we classified sample adults into three categories according to their employment history: employed in the past 12 months (current/recent workers), not employed in the past 12 months, but employed at some time in the past (former workers), and never employed. Follow-up questions about the work-relatedness of CTS were asked of current/recent workers with current CTS. For this paper, we defined cases of work-related CTS as current/recent workers who reported current CTS (i.e., past 12 months), and who answered "yes" to the follow-up question: "Have you ever been told by a doctor or other health professional that your carpal tunnel syndrome was probably work-related?" For those respondents who stated that they had been told by a health professional that their CTS was probably work-related, additional questions were asked to ascertain whether the condition was related to their current/most recent job or to a previous job (either their longest-held job or another job). For cases attributed to jobs other than the current/most recent job or longestheld job, information was collected to determine the I&O of the job to which CTS was attributed.
We also classified current/recent workers according to several demographic characteristics: sex, age group, race/ethnicity, marital status, education, place of residence, and region. Analysis by educational status was limited to workers aged 25 years and over. Geographic classification was based on the location of a respondent's home, and included region and place of residence. For place of residence, a metropolitan statistical area (MSA) is defined by the U.S. Office of Management and Budget and is typically centered around a single large city that wields substantial influence over the region included in the MSA. Large MSAs have a population size of 1,000,000 or more, small MSAs have a population size of <1,000,000, and "not in MSA" consists of persons not living in a MSA.
For I&O classification, the NHIS obtains open-ended responses from each sample adult respondent (age 18 years and over) regarding the industry (employer's type of business) and occupation (employee's type of work) of each job for which information is collected. These responses were reviewed by U.S. Census Bureau coding specialists who assigned four-digit I&O codes based on the 2007 North American Industrial Classification System (NAICS) and 2010 Standard Occupational Classification (SOC) system. To allow for more reliable estimates, we used less detailed two-digit I&O recodes in this paper. The industry recodes include 21 simple categories (based on NAICS sectors; see Table III) , and the occupation recodes include 23 simple categories (based on SOC major groups; see Table IV ).
Data Analyses
To account for the complex sampling design of the NHIS, analyses were completed using SAS-callable SUDAAN software version 10.0 [RTI, 2008] . To represent the U.S. civilian, non-institutionalized population aged 18 years and over, and to estimate the total number of employed U.S. civilian workers represented by each individual in the sample, all estimates were weighted using the NHIS sample adult record weight. Point estimates with a relative standard error (RSE) such that 30% < RSE ≤ 50% are noted in the text and marked with an "*" in the tables, and estimates with a RSE > 50% and estimates based on cell sizes ≤10 are not reported.
Two sample z-tests were used to compare the prevalence rates of current CTS and the proportions of current cases of CTS attributed to work by health professionals among current/recent workers by demographic characteristics. Each of the current CTS cases that were attributed to work by a health professional were classified according to the I&O categories of the specific job to which the case was attributed, regardless of whether that job was the current/most recent job, longest-held job, or another job. We then calculated ratios of the proportion of work-related cases of CTS that were attributed to each major I&O category compared to the proportion of current/recent workers employed in each category. Ratios of >1.0 indicate an overrepresentation of a specific I&O category among workrelated CTS cases compared to what would be expected if workers from all I&O categories had the same risk of work-related CTS.
RESULTS
Employment status data were available for 27,157 sample adults in the 2010 NHIS, who represented approximately 229 million civilian non-institutionalized U.S. adults (Table I) . The sample included 17,524 adults (weighted proportion = 67.7%) who were employed in the past 12 months (current/recent workers); 7,915 (26.7%) who were not employed in the past 12 months, but were employed at some time in the past (former workers); and 1,704 (5.7%) who were never employed ( Table I) .
Prevalence of Carpal Tunnel Syndrome (CTS)
The overall lifetime prevalence rate of self-reported clinician-diagnosed CTS among sample adults was 8.0% (95% CI 7.6-8.4), ranging from 3.6% (95% CI 2.7-4.8) among those never employed to 12.2% (95% CI 11.3-13.1) among former workers (Table I ; P < 0.05 for all pair-wise comparisons). The lifetime prevalence rate of CTS among current/recent workers was 6.7% (95% CI 6.3-7.2). The overall 12-month prevalence rate of CTS among sample adults was 3.6% (95% CI 3.4-3.9), ranging from 2.0% (95% CI 1.5-2.8) among those never employed to 5.2% (95% CI 4.6-5.9) among former workers (P < 0.05 for all pair-wise comparisons). The 12-month prevalence rate of CTS among current/recent workers was 3.1% (95% CI 2.8-3.5), representing approximately 4.8 million workers with current CTS.
As shown in Table II , among current/recent workers, prevalence rates for current CTS were higher among females (4.5%; 95% CI 4.0-5.0) than among males (1.9%; 95% CI 1.6-2.3); among workers aged 45-64 (4.7%; 95% CI 4.1-5.4) than among those aged 18-29 (0.9%; 95% CI 0.6-1.2) and those aged 30-44 (3.0%; 95% CI 2.5-3.6); and among non-Hispanic blacks (3.6%; 95% CI 2.8-4.6) and non-Hispanic whites (3.5%; 95% CI 3.1-3.9) compared to Hispanic workers (1.9%; 95% CI 1.5-2.5). Workers with a high school diploma or GED (4.5%; 95% CI 3.8-5.5) had a higher prevalence rate of CTS than workers with college degrees (2.5%; 95% CI 2.0-3.0); and those who were divorced or separated (4.9%; 95% CI 4.1-5.9) had a higher prevalence rate of CTS than workers who were currently married (3.3%; 95% CI 2.9-3.8) or never married (1.8%; 95% CI 1.4-2.3; Table II ). All the differences mentioned here were statistically significant (P < 0.05).
Work-Relatedness of Carpal Tunnel Syndrome (CTS)
Overall, 67.1% (95% CI 62.4-71.6) of current CTS cases among current/recent workers were reportedly attributed to work by health professionals (Table II) , indicating that the prevalence rate of work-related CTS among current/recent workers was 2.1% (i.e., 67.1% of 3.1%), and that there were approximately 3.1 million cases of work-related CTS among U.S. workers in 2010. The proportion of CTS cases attributed to work was higher among females (71.1%; 95% CI 65.7-76.1) than among males (58.4%; 95% CI 49.2-67.0%); among workers aged 18-29 (70.9%; 95% CI 52.8-84.2), workers aged 30-44 (74.0%; 95% CI 66.1-80.5), and workers aged 45-64 (66.8%; 95% CI 60.0-73.0) compared to workers aged ≥65 (32.2%; 95% CI 17.8-50.9); among non-Hispanic blacks (85.6%; 95% CI 76.1-91.8) compared to non-Hispanic whites (63.9%; 95% CI 58.0-69.4) and Hispanics (62.5%; 95% CI 47.8-75.2); and among those with less than a high school education (76.8%; 95% CI 62.4-86.8), a high school education (71.8%; 95% CI 63.2-79.1), or some college (68.5%; 95% CI 60.7-75.4) compared to those with at least a Bachelor's degree (55.3%; 95% CI 44.4-65.7; Table II ). All the differences mentioned here were statistically significant (P < 0.05).
Work-Related Carpal Tunnel Syndrome (CTS) by Industry and Occupation
Of the 363 cases of current CTS among current/recent workers that were attributed to work by health professionals, 201 (54.4%) were attributed to the respondents' current/most recent jobs, 92 (27.1%) were attributed to longest-held jobs different than the respondents' current/ most recent jobs, and 68 (18.6%) were attributed to jobs other than the respondents' current/ most recent or longest-held jobs (weighted proportions). Two respondents who reported having work-related CTS did not report the specific job to which their CTS cases were attributed.
Among current CTS cases attributed to specific jobs, 24.0% were attributed to jobs in the manufacturing industry, a proportion 2.53 times higher than the proportion of current/recent workers employed in the manufacturing industry (9.5%; Table III ), suggesting that jobs in this industry are associated with an increased risk of work-related CTS. Sample sizes allowed for calculation of similar ratios for 11 other major industry categories. Most of these ratios approach 1.0, but three industry groups have ratios <0.6 indicating that they account for much lower proportions of work-related CTS cases than their proportions in the workforce: education services (ratio = 0.58); construction (ratio = *0.54); and professional, scientific, and technical services (ratio = 0.45; Table III ).
Three occupation categories accounted for proportions of work-related CTS cases more than 1.5 times greater than their proportions in the workforce: production (ratio = 2.52); office and administrative support (ratio = 1.66); and personal care and service (ratio = 1.53; Table  IV ). Several white-collar occupation groups were underrepresented among work-related CTS cases, including management (ratio = 0.53) and education, training, and library (ratio = *0.49).
DISCUSSION
This is one of the first papers to report results from the 2010 NHIS-OHS. Its focus is on the prevalence and work-relatedness of CTS. This is the first time in 22 years that information on prevalent cases of CTS among adults has been collected by the NHIS, the last time being in 1988 as part of the previous OHS.
Among all adults, we found a lifetime prevalence rate of self-reported clinician-diagnosed CTS of 8.0% and a 12-month prevalence rate of self-reported clinician-diagnosed CTS of 3.6%. The latter estimate is consistent with a recent literature review concluding that prevalence rates of electrophysiologically confirmed, symptomatic CTS, based on studies conducted outside the U.S., range from approximately 1 to 4% in men and 3 to 5% in women, increasing with age [Lawrence et al., 2008] .
Methodological Considerations
For this study, cases of CTS were identified from the survey question, "Have you ever been told by a doctor or other health professional that you have a condition affecting the wrist and hand called carpal tunnel syndrome?" Clinical diagnosis of CTS is complex and a variety of research and/or surveillance case definitions for CTS and work-related musculoskeletal disorders in general have been proposed and evaluated, many of which are based on combinations of reported symptoms, physical exam findings, and/or electrodiagnostic studies [e.g., Silverstein et al., 1997; Rempel et al., 1998; Descatha et al., 2011] . Unfortunately, due to the nature of this study (i.e., relying on data collected from a few questions that were part of a broad health questionnaire), we were only able to use a very crude case definition for CTS: self-report of a clinician diagnosis of CTS. It is unclear how the accuracy of this case definition compares to case definitions used in research studies. Such a comparison would be difficult since epidemiological studies of CTS that include clinical evaluations generally exclude persons with previously diagnosed CTS, in contrast to our study that examined lifetime and current clinician-diagnosed CTS.
We believe that our study definition for work-related CTS, which relies on self-reported attribution of the case to work by a clinician, is conservative because there are many barriers (or filters) to recognition of a condition as work-related by a clinician [Azaroff et al., 2002] . When physicians were asked to report all cases of work-related CTS to the Massachusetts Department of Public Health, there was evidence of significant underreporting, which may at least partially reflect under-recognition of work-relatedness [Davis et al., 2001 ]. An evaluation of occupational disease reporting systems in the United Kingdom demonstrated that reporting from occupational physicians yielded much higher incidence estimates than reporting by clinical specialists, suggesting that under-recognition of the work-relatedness of disease varies by specialty [Cherry and McDonald, 2002] . It is unknown what proportion of NHIS respondents with CTS had seen occupational physicians, but we suspect that it would be small.
On the other hand, some epidemiologists have argued against measuring the burden of occupational disease by relying on occupational attribution of individual cases of conditions that may be influenced by many factors-including both occupational and non-occupational contributing causes-as is the case for CTS [Coggon, 2001; Palmer et al., 2008] . They suggest that calculating attributable fractions to estimate excess risk is more meaningful [Palmer et al., 2008; Roquelaure et al., 2008] . We plan to calculate attributable fractions in future analyses.
Comparison to Estimates from the Bureau of Labor Statistics' (BLS) Annual Survey of Occupational Illness and Injury (SOII)
We found a prevalence rate of current work-related CTS among current/recent workers of 2.1% (or 210 cases per 10,000 workers) in 2010. Between 2003 and 2009, incident rate estimates from the BLS SOII for occupational CTS resulting in days away from work have ranged from a high of 2.5 per 10,000 full-time workers to 1.0 per 10,000 full-time workers. Our findings of a higher prevalence rate of CTS among females compared to males and of higher prevalence rates in the middle age groups compared to the youngest and oldest workers are consistent with patterns of reported occupational CTS according to recent SOII data. Our findings regarding the distribution of work-related CTS cases by occupation were also consistent with 2006-2009 BLS SOII data, which indicate that the three occupational groups with the highest rates of CTS cases involving days away from work were production; office and administrative support; and installation, maintenance, and repair [BLS, 2011] .
Caution must be used when comparing prevalence rate estimates from the NHIS-OHS to incident rates from the BLS SOII, which is based on OSHA recordkeeping requirements for private industry. The NHIS-OHS would be expected to capture more cases of work-related illness than the BLS SOII for at least three reasons. First, prevalence estimates include chronic ongoing cases, whereas SOII incident rates are limited to incidents meeting the OSHA definition for a new case [OSHA, 2005] . Second, unlike the BLS SOII, the NHIS-OHS is designed to capture cases of any severity, not just those meeting OSHA recordkeeping criteria (i.e., moderate-to-severe cases). Third, there are several groups of workers that are not covered by OSHA: self-employed workers, public sector workers, and individuals employed on farms with 11 or fewer workers. Nevertheless, the present findings suggest that the burden of work-related CTS is underestimated by the BLS SOII.
Comparison to Estimates From the 1988 NHIS-OHS
In the 1988 NHIS-OHS, prolonged hand or wrist discomfort not due entirely to an injury was examined, as this can be a potential indicator of CTS, although it could also be an indicator for many other hand-wrist disorders besides CTS. The prevalence rate of such hand or wrist discomfort among current/recent workers in 1988 was 10.7%, but only 1.6% of current/recent workers self-reported CTS when asked about the condition by name Tanaka et al., 1994] . Fifty-three percent of medically diagnosed CTS cases among current/recent workers in 1988 were attributed to work by a health care provider [Tanaka et al., 2001] . In 2010, the proportion of CTS attributed to work ranged from 58.4% among male workers to 71.1% among female workers. Our findings suggest that CTS may be more prevalent (or at least more widely referred to by name) and more widely attributed to work by healthcare providers now than in 1988.
For medically diagnosed CTS reported in the 1988 NHIS-OHS, bending/twisting of the hands/wrists many times per hour on the job was found to be a stronger risk factor than several established non-occupational risk factors [race, age, body mass index, smoking, education, and family income; Tanaka et al., 1997] . Industries with the highest prevalence of reported CTS in 1988 were food products, repair services, transportation, and construction [Tanaka et al., 1995] . The occupation group with the highest prevalence of prolonged hand or wrist discomfort in 1988 was operators of machines that process metal, plastic, stone, and glass . The overrepresentation of work-related CTS among jobs in the manufacturing industry and production occupation categories in 2010 is consistent with the high prevalence rates of hand discomfort among workers in the food product manufacturing subsector and machine operators in 1988. Some findings from the present study were also consistent with results from a California surveillance program that evaluated 3,358 CTS cases during 1998-2000 and found that technical, sales, and administrative support occupations consistently accounted for a disproportionate number of CTS cases [NIOSH et al., 2004, see Figures 2-54] .
Industry and occupation groups that account for disproportionate shares of work-related CTS cases suggest opportunities for prevention. Strategies for the prevention of workrelated musculoskeletal diseases, including CTS, which have been previously identified by NIOSH include both engineering controls and administrative controls. Engineering controls include designing or selecting workstation layouts, tools, and work methods that minimize stress and strain. Administrative control strategies include changes in job rules and procedures such as scheduling more rest breaks, rotating workers through jobs that are physically tiring, and training workers to recognize and reduce ergonomic risk factors [NIOSH et al., 1997] .
Study Strengths
Including occupational health questions in national population-based surveys such as the NHIS overcomes some of the limitations of traditional occupational health surveillance systems, including the BLS SOII [Lalich and Sestito, 1997] . Unlike the BLS SOII, an NHIS-OHS is representative of all classes of workers and can collect detailed information about work-related conditions that do not result in medical treatment beyond first aid or days away from work. Some filters that lead to underreporting in the BLS SOII do not apply to an NHIS-OHS because information about work-related illnesses and injuries is collected directly from workers outside of the workplace setting [Azaroff et al., 2002] .
Limitations
Despite its strengths, this study is subject to several limitations. First, all prevalence estimates of CTS are based on a self-or proxy respondent-report, which is subject to several types of error [Schenker et al., 2010] . For example, some respondents without adequate access to healthcare might have undiagnosed CTS which could lead to underestimation of the true prevalence of CTS. On the other hand, some respondents may misreport other diagnoses as CTS, leading to overestimation of the true prevalence. Second, it is difficult to assess occupational causality of health conditions through self-report, and relying on reported attribution of the condition to work by a health professional likely underestimates work-relatedness. Furthermore, the distribution of I&O categories to which work-related CTS cases were attributed may be influenced by non-random distribution of demographic groups with relatively high underlying (non-occupational) risk of CTS (e.g., females) among I&O categories rather than, or in addition to, differences in occupational exposures. There are also limitations associated with the I&O groups used in these analyses. On one hand, broad I&O categories lump together workers who likely have substantially different workplace exposures. On the other hand, small sample sizes even within some broad I&O groups, prevent the reporting of estimates. Ideally the OHS questions would be repeated over multiple years in the NHIS with minimal time lag between administrations (e.g., every 3-5 years). This would allow for sample sizes to increase by pooling data from different years, and for researchers to obtain more stable estimates. However, before this multi-year repetition could happen, funding and other limitations would first have to be overcome. Finally, the economic climate and high unemployment rates in the United States during 2010 should also be considered when interpreting our findings as these conditions could have potentially influenced the NHIS-OHS estimates.
CONCLUSIONS
We found that the overall lifetime prevalence of self-reported clinician-diagnosed CTS among current/recent workers was 6.7%, and that the 12-month prevalence of CTS among current/recent workers was 3.1%, representing approximately 4.8 million workers with current CTS. Approximately one third of current CTS cases among current/recent workers were attributed to work by health professionals, indicating that at least 3 million workers experienced work-related CTS in 2010. The proportion of current CTS cases related to work varied by demographic characteristics. Among current CTS cases attributed to specific jobs, certain I&O categories were overrepresented compared to their distribution among the workforce, suggesting that jobs in those categories are associated with an increased risk of work-related CTS. More detailed analyses of 2010 NHIS data may provide more insight into hypotheses raised by the prevalence estimates and ratios provided here. We plan to explore other methods for using these data to estimate the proportion of CTS attributable to employment among U.S. workers, and we encourage other researchers to explore this publicly available dataset also. Work-related CTS does not include adults who were diagnosed with CTS prior to age 15. Data includes U.S. adults who worked in the past 12 months and are part of the civilian non-institutionalized population. Estimates are not shown for the following industries (NAICS sector) as they contained ≤10 cases and do not meet NCHS standards of reliability/precision: management of companies and enterprises (55); agriculture, forestry, fishing, and hunting (11) b Total includes cases from the industry sectors noted above that each had ≤10 cases. Total excludes cases attributed to jobs in the Armed Forces and cases with missing data.
*
Proportions preceded by an asterisk have a RSE >30% and ≤50% and should be used with caution as they do not meet NCHS standards of reliability/precision. Ratios preceded with an asterisk were generated using estimates with a RSE >30% and ≤50% and should be used with caution. Work-related CTS does not include adults who were diagnosed with CTS prior to age 15. Data includes U.S. adults who worked in the past 12 months and are part of the civilian non-institutionalized population. Estimates are not shown for the following occupational categories (SOC major group) as they contained ≤10 cases and do not meet NCHS standards of reliability/precision: architecture and engineering (17); arts, design, entertainment, sports and media (27); computer and mathematical (15) b Total includes cases from the industry sectors noted above that each had ≤10 cases. Total excludes cases attributed to jobs in the Armed Forces and cases with missing data.
